rostate cancer is the most common cancer among men, with approximately 220,000 cases and 29,000 deaths annually in the United States. 1 About 10 to 20 percent of men with prostate cancer present with metastatic disease, and in many others, metastases develop despite treatment with surgery or radiotherapy.
Treatment of metastatic prostate cancer is palliative. In about 80 percent of men, primary androgen ablation leads to symptomatic improvement and a reduction in serum levels of prostate-specific antigen (PSA), but in all patients the disease eventually becomes refractory to hormone treatment. The options then include symptomatic care with narcotic analgesics, radiotherapy to dominant sites of bone pain, treatment with bone-seeking isotopes such as strontium-89, and cytotoxic chemotherapy. Bisphosphonates may reduce skeletal complications, 2-4 and low-dose prednisone or hydrocortisone may be palliative in some patients. 5, 6 Chemotherapy can reduce serum PSA levels in patients with hormone-refractory prostate cancer and relieves pain in some patients, but tolerability is of concern, particularly since most patients are elderly and many have other medical problems. 7 A randomized trial showed that mitoxantrone plus low-dose prednisone relieved pain and improved the quality of life more frequently than did prednisone alone. 8, 9 Consistent benefits of mitoxantrone plus a corticosteroid were observed in other randomized trials, but none found that this approach improved survival. [10] [11] [12] These trials established mitoxantrone plus a corticosteroid as the treatment of reference for hormone-refractory prostate cancer.
Phase 2 studies of the taxane docetaxel have reported PSA responses (defined as a reduction in serum PSA levels of at least 50 percent) in up to 50 percent of patients. [13] [14] [15] [16] Studies of docetaxel plus either estramustine or calcitriol have shown PSA responses in up to 80 percent of patients. [17] [18] [19] However, outcomes of single-group studies are subject to bias. 20 We conducted a phase 3 study, the TAX 327 Study, comparing docetaxel (given either every three weeks or weekly) plus daily prednisone with mitoxantrone plus prednisone. The docetaxel regimens were selected on the basis of their dose equivalence (a dose intensity of 25 mg per square meter of bodysurface area per week and a maximal cumulative dose of 750 mg per square meter) and their activity and tolerability in phase 2 studies. The primary hypothesis was that treatment with docetaxel plus prednisone would improve overall survival as compared with mitoxantrone plus prednisone.
patients
This randomized, nonblinded, phase 3 study involved centers in 24 countries. Eligible patients had histologically or cytologically confirmed adenocarcinoma of the prostate with clinical or radiologic evidence of metastatic disease, had had disease progression during hormonal therapy, and were receiving primary androgen-ablation therapy as maintenance therapy. At least four weeks had to have elapsed between the withdrawal of antiandrogens (six weeks in the case of bicalutamide) and enrollment, so as to avoid the possibility of confounding as a result of the response to antiandrogen withdrawal. 21, 22 Another requirement was disease progression, as indicated by increasing serum levels of PSA on three consecutive measurements obtained at least one week apart or findings on physical examination or imaging studies.
Eligible patients had a Karnofsky performancestatus score of at least 60 percent, no prior treatment with cytotoxic agents (except estramustine) or radioisotopes, no history of another cancer within the preceding five years (except basal or squamous-cell skin cancer), no brain or leptomeningeal metastases, no symptomatic peripheral neuropathy of grade 2 or higher, and no other serious medical condition. At least four weeks had to have elapsed between prior surgery or radiotherapy (limited to no more than 25 percent of the bone marrow) and enrollment. Prior treatment with corticosteroids was allowed. Normal cardiac function was required. Laboratory criteria for eligibility included a neutrophil count of at least 1500 per cubic millimeter, a hemoglobin level of at least 10.0 g per deciliter, a platelet count of at least 100,000 per cubic millimeter, a total bilirubin level below the upper limit of the normal range for each institution, and serum alanine aminotransferase, aspartate aminotransferase, and creatinine levels that were no more than 1.5 times the upper limit of the normal range.
A clinical history was obtained, and a physical examination, with radiographic imaging, computed tomography, and bone scanning, was performed within 14 days before randomization. Blood tests including measurement of serum PSA, electrocardiography, and an evaluation of the left ventricular ejection fraction by means of a multiple gated p methods acquisition scan or echocardiography were performed. Pain, analgesic intake, and the quality of life were assessed at baseline. Pain was assessed by means of the Present Pain Intensity (PPI) scale from the McGill-Melzack questionnaire, which uses verbal descriptors; scores can range from 0 to 5, with higher scores indicating greater pain. 23 Patients recorded their daily PPI score and analgesic use in a diary. A daily analgesic score was calculated by assigning a score of 4 for a standard dose of a narcotic analgesic (e.g., 10 mg of morphine) and a score of 1 for a standard dose of a nonnarcotic analgesic. Patients were required to have stable levels of pain for at least seven days before randomization, defined by a daily variation of no more than 1 in the PPI score or of no more than 25 percent in the analgesic score. The quality of life was assessed with the Functional Assessment of Cancer Therapy-Prostate (FACT-P) questionnaire; scores on this selfadministered questionnaire can range from 0 to 156, with higher scores indicating a better quality of life. 24, 25 All patients provided written informed consent, and the study was approved by all institutional review boards in accordance with the international standards of good clinical practice. An independent data and safety monitoring committee was established.
randomization and treatment
Randomization was centralized with the use of a stratified, permuted-block allocation scheme according to the baseline pain level (pain was classified as present, as defined by a median PPI score of at least 2 or a mean analgesic score of at least 10, or as absent, as defined by a median PPI score of less than 2 and a mean analgesic score of less than 10) and the baseline Karnofsky performance-status score (70 percent or less vs. 80 percent or more). Patients who were randomly assigned to the docetaxel groups received either 75 mg of docetaxel (Taxotere, Aventis) per square meter as a 1-hour intravenous infusion on day 1 every 21 days or 30 mg of docetaxel per square meter as a 30-minute intravenous infusion on days 1, 8, 15, 22, and 29 of a 6-week cycle. Patients who were randomly assigned to the standard-therapy group received 12 mg of mitoxantrone (Novantrone, Immunex and WyethAyerst) per square meter as a 30-minute infusion on day 1 every 21 days. All patients received 5 mg of prednisone (or prednisolone, if prednisone was not available) orally twice daily starting on day 1. Premedication with dexamethasone was required in the docetaxel groups (8 mg given 12 hours, 3 hours, and 1 hour before the docetaxel infusion in the group treated every three weeks and 8 mg given 1 hour before docetaxel in the group treated weekly). Antiemetic medication was prescribed according to local practice.
Up to 10 cycles of treatment were planned for the group given docetaxel every three weeks and the mitoxantrone group and up to 5 cycles (of six weeks each) in the weekly-docetaxel group. Treatment delays of up to two weeks and up to two dose reductions were allowed. Dose reductions were specified for patients who had had grade 4 neutropenia for at least seven days, an infection, or grade 3 or 4 neutropenia with an oral temperature of at least 38.5°C. A dose reduction or treatment delay was also stipulated for patients who had an absolute neutrophil count of less than 1500 per cubic millimeter (for those on three-week schedules) or less than 1000 per cubic millimeter (for those receiving weekly docetaxel) on a treatment day and for those with grade 3 or 4 thrombocytopenia. Treatment with granulocyte colony-stimulating factor was allowed for patients with febrile neutropenia. Systemic corticosteroids (other than dexamethasone and prednisone) and bisphosphonates were not permitted.
follow-up and outcomes
Physical examinations and baseline blood tests were repeated at three-week intervals. Imaging studies to determine the extent of disease were performed at intervals of six to nine weeks and repeated after four weeks to identify those with a response.
The primary end point was overall survival. Secondary end points were predefined reductions in pain, an improvement in the quality of life, a reduction in serum PSA levels of at least 50 percent, and objective tumor responses.
Patients with a PPI score of at least 2, an analgesic score of at least 10, or both (averaged over the previous week) at baseline were assessed for the pain response at three-week intervals. A pain response was defined as a two-point reduction in the PPI score from baseline without an increase in the analgesic score or as a reduction of at least 50 percent in the analgesic score without an increase in the PPI score, either of which was maintained for at least three weeks. Pain progression was defined as an increase in the PPI score of at least one point from the nadir, an increase from baseline of at least 25 percent in the analgesic score, or a requirement for palliative radiotherapy. Serum PSA was measured every three weeks, and a response (for patients with a baseline PSA level of at least 20 ng per milliliter) was defined as a reduction from baseline of at least 50 percent that was maintained for at least three weeks, whereas PSA progression was defined as an increase from the nadir of either at least 25 percent for men with no PSA response or at least 50 percent for all others. The duration of the PSA response and the pain response was defined as the time between the first and last evaluations at which the response criteria were met. For patients with at least one bidimensionally measurable lesion, tumor response was evaluated with the use of World Health Organization criteria. 26 The quality of life was assessed with the FACT-P questionnaire at baseline, every three weeks during therapy, and every month after the completion of therapy. All patients who answered the questionnaire at baseline were included in the evaluation, and the FACT-P score was compared with the baseline value for each of these patients. Patients were defined as having a quality-of-life response if they had a 16-point improvement in their FACT-P score, as compared with baseline, on two measurements obtained at least three weeks apart.
Adverse events were classified according to the Common Toxicity Criteria of the National Cancer Institute (version 2). Serious adverse events were fatal or life-threatening, required or prolonged hospitalization, resulted in persistent or substantial disability or incapacity, or were considered important medical events. Treatment was stopped for any of the following reasons: completion of planned treatment, progression of disease, severe adverse events, or withdrawal of consent.
statistical analysis
There were three comparisons of interest between the docetaxel and mitoxantrone groups: docetaxel given every three weeks was compared with mitoxantrone, weekly docetaxel was compared with mitoxantrone, and the combined docetaxel groups were compared with mitoxantrone. The study was designed to detect with 90 percent power a hazard ratio of 0.75 for death in the docetaxel groups as compared with the mitoxantrone group, with a two-sided type I error of 0.05 and with the data analyzed according to the intention to treat. The sample size was established as 1002 patients, and analysis was planned after 535 deaths had occurred. To allow for multiple comparisons, a P value of 0.04 was considered to indicate statistical significance for the comparison of the combined docetaxel groups with the mitoxantrone group, and a P value of 0.0175 was considered to indicate statistical significance for the comparison of each docetaxel group with the mitoxantrone group (all P values were two-sided), thus ensuring an overall significance level of 0.05.
In the primary analysis, overall survival was analyzed by means of the Kaplan-Meier method, with log-rank comparisons stratified according to the level of pain and the Karnofsky performancestatus score. Pain, PSA, tumor, and quality-of-life responses were compared by means of the Cochran-Mantel-Haenszel test. All randomized patients were included in the analysis of survival, and all treated patients were included in the evaluation of adverse effects.
Hazard ratios for death were calculated after adjustment for any chance imbalance in potential prognostic factors between the groups. The following factors were entered into a full stratified Cox proportional-hazards model and a backward selection model in which nonsignificant factors were eliminated sequentially at a P level of 0.10: age (less than 65 years vs. 65 years or older); visceral involvement (yes vs. no); liver involvement (yes vs. no); number of prior hormonal therapies (two or fewer vs. more than two); prior estramustine (yes vs. no); presence of rising serum PSA levels alone, as compared with the presence of other indications of progression; baseline hemoglobin level; and baseline serum level of alkaline phosphatase. One planned interim analysis of safety was conducted after the recruitment of 120 patients. No interim analysis for efficacy was performed.
The study was designed by Dr. Tannock in collaboration with Aventis personnel, and the protocol was finalized after being reviewed by the other study cochairs, Drs. de Wit and Eisenberger. The data were collected and maintained by Aventis, but the cochairs handled all questions regarding the management of the study. Only the data and safety monitoring committee saw the results of the interim safety analysis; no analysis was undertaken nor were the results seen by Aventis, the study cochairs, or any other investigator until the predefined number of events had occurred. The protocol contained a plan for analysis and publication at that time. All data were provided to the cochairs at the comple- tabase was locked on August 6, 2003, after the requisite number of deaths, specified in the statistical plan, had occurred. The baseline characteristics of the patients were well balanced among the three treatment groups ( Table 1 ). The median age was 68 years; about 20 percent of the patients were at least 75 years old. About 45 percent had pain, and about 40 percent had measurable soft-tissue lesions. The most common indicators of disease progression before study entry were an increasing serum PSA level and evidence of an increase in bone metastases on bone scanning.
Only nine patients (1 percent) did not receive chemotherapy and prednisone ( Table 2) . Patients tended to receive more cycles of the regimen in which docetaxel was given every three weeks than of the regimen in which mitoxantrone was given every three weeks. Most patients received the prescribed doses on schedule, with 8 to 12 percent requiring a dose reduction and 21 to 34 percent requiring at least one chemotherapy infusion to be delayed. Twenty percent of the patients who were randomly assigned to receive mitoxantrone subsequently received docetaxel, and 27 percent of those in the group given docetaxel every three weeks received subsequent mitoxantrone, as did 24 percent of those in the weekly-docetaxel group.
efficacy
The median duration of follow-up was similar among the three groups: 20.8 months in the group given docetaxel every 3 weeks and 20.7 months in the other two groups. There were 166 deaths (50 percent; hazard ratio for death, 0.76; 95 percent confidence interval, 0.62 to 0.94) in the group given docetaxel every three weeks and 190 deaths (57 percent; hazard ratio, 0.91; 95 percent confidence interval, 0.75 to 1.11) in the group given weekly docetaxel, as compared with 201 deaths (60 percent) in the mitoxantrone group. When the two docetaxel groups were combined and compared with the mitoxantrone group, the hazard ratio for death was 0.83 (95 percent confidence interval, 0.70 to 0.99; P=0.04). As compared with the survival rate in the mitoxantrone group, the survival rate was significantly higher (P=0.009) in the group given docetaxel every three weeks but not in the group given weekly docetaxel (P=0.36). The median duration of survival was 18.9 months (95 percent confidence interval, 17.0 to 21.2) in the group given docetaxel every 3 weeks, 17.4 months (95 per-* Percentages relate to the number of patients treated in each group. Because of rounding, not all percentages total 100. Figure 1 . The result of the sensitivity analysis, in which survival was adjusted for possible imbalances in potential prognostic factors, was consistent with the primary result. The hazard ratio for death in the group given docetaxel every three weeks, as compared with the mitoxantrone group, was 0.76 without adjustment and 0.74 and 0.75 after adjustment in the full stratified and backward Cox proportional-hazards models, respectively. As expected, visceral involvement, a high baseline alkaline phosphatase level, and a low hemoglobin level were negative prognostic factors in the multivariate models, whereas a rising serum PSA as the sole indicator of progression was a favorable factor. Post hoc analysis indicated that a high Gleason score (8, 9, or 10) was an adverse prognostic factor for survival. The survival benefit of docetaxel given every three weeks was consistent across subgroups defined according to the presence or absence of pain at baseline, the Karnofsky performance-status score (70 percent or less vs. 80 percent or more), and age (younger than 65 years vs. 65 years or older) (data not shown).
A reduction in pain was more frequent among patients receiving docetaxel every three weeks than among those treated with mitoxantrone (35 percent vs. 22 percent, P=0.01) ( Table 3 ), but the percentage of patients with reduced pain in the weekly docetaxel group (31 percent) did not differ significantly from that of the mitoxantrone group. The median duration of reduced pain was 3.5 to 5.6 months and did not differ significantly among the groups.
Rates of PSA response were significantly higher in the docetaxel groups (45 percent in the group given docetaxel every three weeks and 48 percent in the group given weekly docetaxel, P<0.001 for both comparisons) than in the mitoxantrone group (32 percent) ( Table 3 ). The median duration of the PSA response ranged from 7.7 to 8.2 months and did not differ significantly among the three groups.
Although patients with measurable soft-tissue lesions who received docetaxel every three weeks had a somewhat higher rate of tumor response than such patients who received mitoxantrone every three weeks (12 percent vs. 7 percent, P=0.11), this difference was not significant (Table 3 ).
* P values are for comparisons with the mitoxantrone group. CI denotes confidence interval. † A pain response was defined as a two-point reduction in the Present Pain Intensity (PPI) score without an increase in the analgesic score or a reduction of at least 50 percent in the analgesic score without an increase in the PPI score, which was maintained for at least three weeks. ‡ Data on 54 percent and 63 percent of patients were censored in the KaplanMeier analysis of the median duration of pain and PSA response, respectively. The chief reason for data censoring was further antitumor therapy after progression of disease as defined by other criteria. § A response was defined by a 16-point improvement from baseline in the Functional Assessment of Cancer Therapy-Prostate (FACT-P) score on two measurements obtained at least three weeks apart. 
adverse events
The incidence of grade 3 and 4 neutropenia was relatively low, and febrile neutropenia was rare (Table 4). Two patients died from sepsis during treatment, one in the docetaxel group and one in the mitoxantrone group. There was a higher incidence of cardiac events among patients who received mitoxantrone (Table 4) . Most other types of adverse events were more frequent among patients receiving docetaxel, and there was no trend toward a lower frequency with weekly docetaxel than with docetaxel given every three weeks. Low-grade adverse events that occurred in at least 15 percent of patients in one of the groups included fatigue, nausea or vomiting or both, alopecia, diarrhea, nail changes, sensory neuropathy, anorexia, changes in taste, stomatitis, dyspnea, tearing, peripheral edema, and epistaxis (Table 4 ). More patients in the docetaxel groups than in the mitoxantrone group had at least one serious adverse event, with rates of 26 percent among those in the group given docetaxel every three weeks, 29 percent among those given weekly docetaxel, and 20 percent among those given mitoxantrone. Five deaths were probably related to treatment, three of them in the mitoxantrone group. More patients in the mitoxantrone group stopped treatment because of disease progression than was the case in the docetaxel groups, and more stopped treatment because of completion of treatment or adverse events in the docetaxel groups (Table 2) . Adverse events that led to the discontinuation of treatment included fatigue, musculoskeletal or nail changes, sensory neuropathy, and infection in the docetaxel groups and cardiac dysfunction in the mitoxantrone group.
quality of life
The quality of life was evaluated in 815 patients, a group that made up the intention-to-treat population from countries in which a local translation of the FACT-P was available ( Table 3) . The percentage of patients who had an improvement in the quality of life was similar in the two docetaxel groups (22 percent in the group given docetaxel every three weeks and 23 percent in the group given weekly docetaxel) and significantly higher than that in the mitoxantrone group (13 percent; P=0.009 and P=0.005, respectively). Figure 2 shows the greatest changes in the scores and the median changes in the scores for individual domains of the FACT-P during treatment. The greatest benefit in the docetaxel groups was in the subscale representing prostate-specific concerns (including weight loss, appetite, pain, physical comfort, and bowel and genitourinary function).
In this phase 3 study, two schedules of docetaxel administered with prednisone were compared with mitoxantrone plus prednisone, the standard chemotherapy for hormone-refractory prostate cancer. The median overall survival was higher for the group that received docetaxel every three weeks discussion * P≤0.05 by Fisher's exact test for the comparison with the mitoxantrone group. † P≤0.0015 by Fisher's exact test for the comparison with the mitoxantrone group. A Bonferroni adjustment for multiplicity was used to obtain the nominal significance level of 0.0015 (approximately 0.05÷34), on the basis of two tests being carried out on the 17 adverse events, with at least 20 events in at least one of the three treatment groups. ‡ A major decrease in the left ventricular ejection fraction (LVEF) was defined as a decrease of at least 10 percent in the absolute value to below the lower limit of the normal range. than for the mitoxantrone group, but not for the group that received weekly docetaxel. These differences were not influenced by adjustment for potential prognostic factors, and there were consistent trends in survival in the intention-to-treat population and in various subgroups. Overall, as compared with the mitoxantrone group, the docetaxel groups had better pain control and quality of life and more frequent PSA responses, but at the cost of a higher incidence of adverse effects. The characteristics of the patients in this study are typical of those seen in oncology practices. Most patients were elderly and had received at least two types of hormonal manipulation. Most had bone metastases and a high serum PSA level, and about half had substantial pain. All these patients had a short life expectancy. Four published phase 3 studies have evaluated mitoxantrone plus prednisone for hormone-refractory prostate cancer. [9] [10] [11] [12] In our study, patients in the mitoxantrone group had a PSA response rate of 32 percent and a rate of predefined reduction in pain of 22 percent. In prior studies of symptomatic patients alone, mitoxantrone plus prednisone resulted in PSA response rates of 34 percent 9 and 29 percent, 12 whereas one study of asymptomatic patients reported a 48 percent response rate. 10 Rates of reduction in pain of 38 percent 9 and 39 percent 12 have been reported, but these studies used less strict response criteria than we did. The median survival among patients in the mitoxantrone group in our study was 16.5 months, as compared with 10 to 12.5 months in the Canadian and Cancer and Leukemia Group B studies 9, 11, 12 and 21 months in a study of asymptomatic patients. 10 Mitoxantrone plus prednisone remains an appropriate treatment for patients with hormone-refractory prostate cancer who might be susceptible to the toxic effects of docetaxel. However, treatment with mitoxantrone plus a corticosteroid has not improved survival over that afforded by a corticosteroid alone. [9] [10] [11] Previous experience with docetaxel in the treat- ment of hormone-refractory prostate cancer is limited to phase 2 studies. The PSA response ranged from 38 to 46 percent for docetaxel alone [13] [14] [15] [16] and up to 80 percent for docetaxel combined with estramustine or calcitriol. [17] [18] [19] The rate of objective reduction in pain after treatment with docetaxel alone was 48 percent in the only study that evaluated pain. 13 In our study, the rates of PSA response were 45 percent in the group given docetaxel every three weeks and 48 percent in the group given weekly docetaxel, and the respective rates of predefined (and stringent) reductions in pain were 35 percent and 31 percent, all of which, except for the response of pain in the weekly-docetaxel group, were significantly higher than the rates in the mitoxantrone group. More important, we found a significant improvement in overall survival for docetaxel as compared with mitoxantrone. A similar improvement in survival for docetaxel plus estramustine in comparison with mitoxantrone plus prednisone was found in a phase 3 study by the Southwest Oncology Group that is reported in this issue of the Journal . 27 Safe use of docetaxel requires premedication with dexamethasone. Since the docetaxel group received about twice the dose of corticosteroids that the mitoxantrone group received, the better results in the docetaxel group may have been due in part to the higher dose of corticosteroids. 5, 6, [9] [10] [11] This seems unlikely because with prednisone or hydrocortisone alone, the rate of PSA response in large phase 3 studies was in the range of 16 to 24 percent and was generally transient. 5, [9] [10] [11] 28 In symptomatic patients, prednisone or hydrocortisone treatment was inferior to chemotherapy plus corticosteroid in reducing pain and other symptoms. 9, 10, 28 Intensive treatment with dexamethasone was reported to have no effect on hormone-refractory prostate cancer in one small study. 29 Serious adverse events occurred among 26 percent of patients in the group given docetaxel every three weeks and 29 percent of the group given weekly docetaxel, as compared with 20 percent in the mitoxantrone group. However, hematologic events were rare in all three groups, and most patients received the prescribed doses of the assigned drug on schedule. Although neutropenia was most common in the group given docetaxel every three weeks, infection was rare. There was a higher incidence of cardiotoxicity in the mitoxantrone group, but it was rarely of clinical importance. Most adverse events associated with docetaxel were of low grade and were bothersome rather than life-threatening; loss of sensation in the fingers and toes proved particularly annoying to some patients.
We designed this study to include a schedule with lower doses of docetaxel given weekly to assess whether a weekly regimen was better tolerated than treatment every three weeks. We found no evidence of a lower rate of adverse events or improved outcomes with the weekly schedule. Treatments given at intervals of three weeks are more convenient for most patients and we think should remain the standard with docetaxel.
Significantly more patients satisfied the stringent criterion of a 16-point improvement from baseline in the total FACT-P score in the docetaxel groups (22 percent in the group given docetaxel every three weeks and 23 percent in the weekly docetaxel group) than in the mitoxantrone group (13 percent) . This result suggests that docetaxel has superior palliative effects despite the increase in toxicity. It is likely that the improvement in the quality of life would have been greater if our study had been restricted to symptomatic patients. Overall, the aspects of the quality of life that are assessed by the FACT-P questionnaire were maintained or improved during treatment, with the greatest benefit occurring for prostate-cancer-specific concerns.
Our findings provide evidence that cytotoxic chemotherapy can significantly prolong survival among men with hormone-refractory prostate cancer. Our data suggest that docetaxel plus prednisone is the preferred option for most patients with hormone-refractory prostate cancer. 
